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(57) ABSTRACT

Various embodiments include managing metal densities in
kerf sections of an integrated circuit (IC) wafer. In some
embodiments, a method includes: forming an integrated cir-
cuit (IC) wafer including a wafer kerf region, the wafer kerf
region having a metal density of less than approximately 0.5
percent relative to a total density of the wafer kerf region.

14 Claims, 4 Drawing Sheets

P1: Forming 1C wafer with wafer kerf region having metal density less than approximately 0.5

pereent of total kerf density

P1A: Forming a wafer substrate

l

P1B: Forming a process region over wafer substrate with at least onc metal,
with total metal density less than approximately 0.5 pereent of total kerf
density

!

P2: Dicing IC wafer along wafer kerf region
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P1: Forming 1C wafer with wafer kerf region having metal density less than approximately 0.5
percent of total kerf density

P1A: Forming a wafer substrate

l

P1B: Forming a process region over wafer substrate with at least one metal,
with total metal density Iess than approximately 0.5 percent of total kerf
density

FIG. 4
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1
METHODS OF MANAGING METAL DENSITY
IN DICING CHANNEL AND RELATED
INTEGRATED CIRCUIT STRUCTURES

BACKGROUND

The subject matter disclosed herein relates to integrated
circuit devices. More particularly, the subject matter relates to
fabrication of integrated circuit devices.

As integrated circuit technologies have advanced, the size
of'these devices has correspondingly decreased. In particular,
as devices are reduced in scale to comply with ever-smaller
packaging, tighter constraints are applied to their dimensions
and spacings.

Integrated circuit (IC) chips are formed by fabricating a
plurality of devices on a wafer, and dicing the wafer along
kerf lines separating the devices, to form a plurality of indi-
vidual chips. However, as IC chips have become thinner, the
silicon-to-metal ratio in the kerf area of the wafers makes
dicing of those chips more cumbersome, more time consum-
ing and potentially damaging to the surrounding wafer.

SUMMARY

Various embodiments include managing metal densities
within dicing channels in an integrated circuit (IC) wafer. In
some embodiments, a method includes: forming an integrated
circuit (IC) wafer including a wafer kerfregion, the wafer kerf
region having a metal density of less than approximately 0.5
percent relative to a total density of the wafer kerf region.

A first aspect includes a method including: forming an
integrated circuit (IC) wafer including a wafer kerfregion, the
wafer kerf region having a metal density of less than approxi-
mately 0.5 percent relative to a total density of the wafer kerf
region.

A second aspect includes an integrated circuit (IC) wafer
comprising: a wafer kerf region, the wafer kerf region having
ametal density ofless than approximately 0.5 percent relative
to a total density of the wafer kerf region.

A third aspect includes a method of forming a wafer kerf
region, the method including: forming an integrated circuit
(IC) wafer kerf region substrate including a substrate mate-
rial; and forming a kerf process region over the IC wafer kerf
region substrate, wherein the kerf process region is formed to
include at least one metal having a metal density of less than
approximately 0.5 percent relative to a combined thickness of
the IC wafer kerf region substrate and the kerf process region
as measured along an axis of dicing of the wafer kerf region.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of this invention will be more
readily understood from the following detailed description of
the various aspects of the invention taken in conjunction with
the accompanying drawings that depict various embodiments
of the invention, in which:

FIG. 1 shows a schematic top view of an integrated circuit
(IC) wafer according to various embodiments.

FIG. 2 shows a schematic cross-sectional view of a wafer
kerf region from the IC wafer in FIG. 1.

FIG. 3 shows a close-up schematic top view of the IC wafer
2 of FIGS. 1 and 2.

FIG. 4 depicts a flow diagram illustrating processes
according to various embodiments.

It is noted that the drawings of the invention are not nec-
essarily to scale. The drawings are intended to depict only
typical aspects of the invention, and therefore should not be
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considered as limiting the scope of the invention. In the draw-
ings, like numbering represents like elements between the
drawings.

DETAILED DESCRIPTION

As noted, the subject matter disclosed herein relates to
integrated circuit devices. More particularly, the subject mat-
ter relates to fabrication of integrated circuit devices.

As noted herein, integrated circuit (IC) chips are formed by
fabricating a plurality of devices on a wafer, and dicing the
wafer along kerf lines separating the devices, to form a plu-
rality of individual chips. However, as IC chips have become
thinner, the silicon-to-metal ratio in the kerf area of the wafers
makes dicing of those chips more cumbersome and time
consuming. That is, conventional dicing saws are designed
for dicing wafers having a high silicon-to-metal ratio; and
more modern wafers, with a lower silicon-to-metal ratio, have
less silicon to clean the dicing saw from the build-up of metal
and polysilicon. During dicing, this lower silicon-to-metal
ratio reduces the efficiency of dicing, causing build-up on the
dicing saw.

According to various embodiments, methods include man-
aging metal density/content of the dicing channels in wafer
kerf regions prior to dicing of the IC chips from the wafer.
Various methods include forming IC wafers (including chips)
that have a predetermined metal density in the kerf region.
These methods can enhance the dicing efficiency of tradi-
tional dicing saws in cutting the IC chips from wafers formed
according to various embodiments.

Various particular embodiments include a method includ-
ing: forming an integrated circuit (IC) wafer including a
wafer kerf region, the wafer kerf region having a metal den-
sity of less than approximately 0.5 percent relative to a total
density of the wafer kerf region.

Various additional embodiments include an integrated cir-
cuit (IC) wafer having: a wafer kerf region, the wafer kerf
region having a metal density of less than approximately 0.5
percent relative to a total density of the wafer kerf region.

Various other embodiments include a method of forming a
wafer kerf region, the method including: forming an inte-
grated circuit (IC) wafer kerf region substrate including a
substrate material; and forming a kerf process region over the
IC wafer kerf region substrate, wherein the kerf process
region is formed to include at least one metal having a metal
density of less than approximately 0.5 percent relative to a
density of the combined IC wafer kerf region substrate and
the kerf process region.

In the following description, reference is made to the
accompanying drawings that form a part thereof, and in
which is shown by way of illustration specific exemplary
embodiments in which the present teachings may be prac-
ticed. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the present teachings
and it is to be understood that other embodiments may be
utilized and that changes may be made without departing
from the scope of the present teachings. The following
description is, therefore, merely illustrative.

FIG. 1 shows a schematic top view of an integrated circuit
(IC) wafer 2 according to various embodiments. FIG. 2 shows
a schematic side view of the IC wafer 2 of FIG. 1; and FIG. 3
shows a close-up schematic top view of the IC wafer 2 of
FIGS. 1 and 2. Referring to FIGS. 1-3, the IC wafer 2 can
include a wafer kerf region 4 separating adjacent IC chips 6
prior to dicing of those IC chips 6 for end use. In some cases,
the IC wafer 2 can include a probe pad 8. The probe pad 8 can
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include a conductive pad (e.g., copper, aluminum, etc.) that is
electrically connected with a metal interconnect (not shown).

FIG. 2 shows a close-up cross-sectional view of the wafer
kerf region 4 in the IC wafer 2 of FIG. 1. As is known in the
art, the wafer kerf region 4 can define a separation between
adjacent IC chips 6 for subsequent dicing (cutting) of the IC
chips 6, prior to packaging, shipment, use, etc. of those IC
chips 6. As used herein, the term “wafer kerfregion” refers to
a dicing designed to be sawed in order to separate adjacent IC
chips 6. According to various embodiments, the wafer kerf
region 4 has a width (W) equal to approximately the width of
a dicing saw used for dicing adjacent IC chips 6.

In various embodiments, the wafer kerf region 4 can
include a substrate 14 including a dielectric, e.g., at least one
of: silicon dioxide (Si02), silicon oxygen fluoride (SiOF),
silicon nitride (SiN), silicon carbide (SiC), carbo-silicon
nitride (C—SiN), cadmium oxide (CdO) or combinations
thereof. In some cases, where the substrate 14 includes an
inter-level dielectric (ILD) layer, that ILD can include at least
one of: silicon nitride (Si3N4), silicon oxide (Si02), fluori-
nated SiO2 (FSG), hydrogenated silicon oxycarbide (Si-
COH), porous SiCOH, boro-phospho-silicate glass (BPSG),
silsesquioxanes, carbon (C) doped oxides (i.e., organosili-
cates) that include atoms of silicon (Si), carbon (C), oxygen
(0), and/or hydrogen (H), thermosetting polyarylene ethers,
SiLK (a polyarylene ether available from Dow Chemical
Corporation), a spin-on silicon-carbon containing polymer
material available from JSR Corporation, other low dielectric
constant (<3.9) material, or layers thereof.

In various embodiments, the wafer kerf region 4 also
includes a process region 16 overlying the wafer substrate 14.
The process region 16 can include an insulator 20, e.g., a
silicon-based insulator and/or other conventional insulator
material, along with at least one metal 18. The at least one
metal 18 can include at least one copper wire (Cu) and/or at
least one aluminum wire (Al).

According to various embodiments the density of the at
least one metal 18 is less than approximately 0.5 percent of a
density of the wafer kerf region 4. According to various
embodiments, a metal density of less than approximately one
(1) percent of the total density of the IC wafer 2 in the kerf 4
can improve dicing efficiency, and reduce damage to dicing
equipment and adjacent IC chips 6 when compared with
conventional wafer kerf region compositions. In particular
embodiments, the metal density is equal to or less than
approximately 0.5 percent, which can improve dicing effi-
ciency, and reduce damage to dicing equipment and adjacent
IC chips 6 when compared with conventional wafer kerf
region compositions. In various embodiments, the process
region 16 contains the at least one metal 18, such that the at
least one metal 18 does not span to the wafer substrate 14.

In some particular embodiments, where the at least one
metal 18 includes at least one copper wire (Cu), the at least
one copper wire (Cu) has a thickness of at least approximately
3 microns as measured along an axis of dicing (A,) of the
wafer kerf region 4. The axis of dicing (A ) is the direction in
which a dicing saw may cut the wafer kerf region 4 to separate
adjacent IC chips 6. In some particular embodiments, where
the at least one metal 18 includes at least one aluminum wire
(Al), the at least one aluminum wire (Al) has a thickness (in
direction T) of at least 4 microns as measured along the axis
of dicing (A ) of the wafer kerf region 4.

Itis understood that as described herein, the IC wafer 2 can
include a post-test wafer. That is, the IC wafer 2 shown and
described according to various embodiments, has completed
performance testing and is otherwise ready for dicing prior to
the processes illustrated herein.
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FIG. 4 is a flow diagram illustrating processes performed
according to various embodiments. The flow diagram of FIG.
4 will be described with reference to the schematic depictions
of the IC wafer 2 in FIGS. 1-3. In some embodiments, a
process according to various embodiments can include, pro-
cess P1: forming an integrated circuit (IC) wafer 2 including
awafer kerf region 4 with a metal density ofless than approxi-
mately 0.5 percent relative to a total density (T) of the wafer
kerf region 4.

According to various embodiments, process P1 caninclude
a plurality of sub-processes such as:

Process P1A: forming a wafer substrate 14. In various
embodiments a wafer substrate 14 may be obtained as a bulk
substrate material, or may be formed by conventional depo-
sition processes.

Process P1B: forming a process region 16 over the wafer
substrate 14. According to various embodiments, the process
region can contain the metal (e.g., metal 18) having a metal
density of less than approximately 0.5 percent relative to the
total density of the wafer kerfregion 4. In some embodiments,
the process region can be formed by depositing the insulator
20 over the wafer substrate 14 and using conventional mask-
ing/etching/deposition techniques to create distinct metals
(e.g., metal lines) 18 within the insulator 20. In various
embodiments, the atleast one metal 18 is deposited within the
insulator 20 according to known techniques. In some cases,
the at least one metal 18 includes at least one copper wire (Cu)
and/or at least one aluminum wire (Al). In the case that the
metal 18 includes at least one copper wire (Cu), each copper
wire (Cu) is approximately 3 microns thick (measured along
direction T). In the case that the metal includes at least one
aluminum wire (Al), each aluminum wire (Al) is approxi-
mately 4 microns thick (measured along direction T).

In various embodiments, the process can also include an
optional post-process, P2: dicing the IC wafer 2 along the
wafer kerf region 4, e.g., to form a plurality of IC chips 6. As
described herein, the process of forming the wafer kerfregion
4 with a specified proportion of metal enhances the efficiency
and effectiveness of this dicing process.

When an element or layer is referred to as being “on”,
“engaged to”, “connected to” or “coupled to” another element
or layer, it may be directly on, engaged, connected or coupled
to the other element or layer, or intervening elements or layers
may be present. In contrast, when an element is referred to as
being “directly on,” “directly engaged to”, “directly con-
nected to” or “directly coupled to” another element or layer,
there may be no intervening elements or layers present. Other
words used to describe the relationship between elements
should be interpreted in a like fashion (e.g., “between” versus
“directly between,” “adjacent” versus “directly adjacent,”
etc.). As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.

Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approxima-
tions, the numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily result-
ing from the standard deviation found in their respective
testing measurements. Moreover, all ranges disclosed herein
are to be understood to encompass any and all sub-ranges
subsumed therein. For example, a range of “less than 10” can
include any and all sub-ranges between (and including) the
minimum value of zero and the maximum value of 10, that is,
any and all sub-ranges having a minimum value of equal to or
greater than zero and a maximum value of equal to or less than
10, e.g., 1t0 5. In certain cases, the numerical values as stated
for the parameter can take on negative values. In this case, the
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example value of range stated as “less than 10” can assume
negative values, e.g. -1, -2, -3, -10, =20, =30, etc.

Spatially relative terms, such as “inner,” “outer,”
“beneath”, “below”, “lower”, “above”, “upper” and the like,
may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. Spatially relative terms
may be intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the disclosure. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. It is further
understood that the terms “front” and “back” are not intended
to be limiting and are intended to be interchangeable where
appropriate.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
of'the claims, or if they include equivalent structural elements
with insubstantial differences from the literal languages of
the claims.

The descriptions ofthe various embodiments of the present
invention have been presented for purposes of illustration, but
are not intended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the prin-
ciples of the embodiments, the practical application or tech-
nical improvement over technologies found in the market-
place, or to enable others of ordinary skill in the art to
understand the embodiments disclosed herein.

We claim:

1. A method comprising:

forming an integrated circuit (IC) wafer including a wafer

kerf region, the wafer kerf region having a metal density
of'less than approximately 0.5 percent relative to a total
density of the wafer kerf region, the forming of the IC
wafer including:

forming a wafer substrate;

forming a process region over the wafer substrate, the

process region containing the metal density of less than
approximately 0.5 percent relative to the total density of
the wafer kerf region;

forming at least one copper wire within the process region,

the at least one copper wire having a thickness of at least
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approximately 3 microns as measured along an axis of
dicing of the wafer kerf region; and

forming at least one aluminum wire within the process

region, the at least one aluminum wire having a thick-
ness of at least 4 microns as measured along the axis of
dicing of the wafer kerf region.

2. The method of claim 1, wherein the at least one copper
wire is formed having a thickness of at least approximately 3
microns as measured along an axis of dicing of the wafer kerf
region.

3. The method of claim 1, wherein the at least one alumi-
num wire has a thickness of at least 4 microns as measured
along an axis of dicing of the wafer kerf region.

4. An integrated circuit (IC) wafer comprising:

a wafer kerf region, the wafer kerf region having a metal

density of less than approximately 0.5 percent relative to
a total density of the wafer kerf region;

a wafer substrate;

a process region overlying the wafer substrate; and

at least one copper wire in the process region.

5. The IC wafer of claim 4, wherein

the at least one copper wire has a thickness of at least

approximately 3 microns as measured along an axis of
dicing of the wafer kerf region; and

further comprising at least one aluminum wire in the pro-

cess region, the at least one aluminum wire having a
thickness of at least 4 microns as measured along the
axis of dicing of the wafer kerf region.

6. The IC wafer of claim 4, wherein the at least one copper
wire has a thickness of at least approximately 3 microns as
measured along the axis of dicing of the wafer kerf region.

7. The IC wafer of claim 4, further comprising at least one
aluminum wire in the process region.

8. The IC wafer of claim 7, wherein the at least one alumi-
num wire has a thickness of at least 4 microns as measured
along an axis of dicing of the wafer kerf region.

9. A method of forming a wafer kerf region in an integrated
circuit (IC) wafer, the method comprising:

forming an IC wafer kerf region substrate including a sub-

strate material; and

forming a kerf process region over the IC wafer kerf region

substrate, wherein the kerf process region is formed to
include at least one metal having a metal density of less
than approximately 0.5 percent relative to a total density
ofthe IC wafer kerf region substrate and the kerf process
region.

10. The method of claim 9, wherein the at least one metal
includes:

at least one copper wire having a thickness of at least

approximately 3 microns as measured along an axis of
dicing of the wafer kerf region; and

at least one aluminum wire having a thickness of at least 4

microns as measured along the axis of dicing of the
wafer kerf region.

11. The method of claim 9, wherein the at least one metal
includes at least one copper wire.

12. The method of claim 11, wherein the at least one copper
wire is formed having a thickness of at least approximately 3
microns as measured along an axis of dicing of the wafer kerf
region.

13. The method of claim 9, wherein the at least one metal
includes at least one aluminum wire.

14. The method of claim 9, wherein the at least one alumi-
num wire has a thickness of at least 4 microns as measured
along an axis of dicing of the wafer kerf region.
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